Computational investigations on the BPE-ligated Cu-catalysed enantioselective addition of 9 enynes to ketones were performed with DFT method. Two BPE-CuMes catalysts, BPE-CuMes and 10 (S,S)-Ph-BPE-CuMes, were employed to probe the reaction mechanism with the emphasis on 13 1) the ketone addition to the alkene moiety of the metallized enyne; 2) the metallization of enyne 14 followed by the release of product with the recovery of the active metallized enyne intermediate.
100
First, the reaction is trigged by the coordination of the modelled ligand BPE to the copper-end 101 in MesCu, which generates BPE-CuMes complex. This complex is featured by a tridentate-102 coordinated copper centre with two Cu-P bonds of 2.232 and 2.205 Å, respectively, and the P-Cu-P 103 bite angle is calculated to be 89.3°. SMD calculations give that this coordination step is benefited by 104 126.0 kJ mol -1 in the Gibbs free energies in THF, suggesting that this species is easy to be generated. 
117
For IM2, the Cu-C(α) distance of 2.142 Å with the occupied orbital of 1.996e from NBO analysis 118 identify IM2 as a metallized enyne species. suggests that the formation of the C-C bond occurs with the ketone addition to the double bond of that this ketone addition process is easy to occur.
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154
Combined with the reaction mechanism in part 1 and 2 in the model BPE-ligated system, it could 155 be found that the formation of the active intermediate IM2 is vital for the catalytic reaction. In part 1,
156
IM2 is generated from the metallization of enyne via TS1 with the energy barrier of 112.3 kJ mol -1 . 
181
Ph-BPE ligand system.
182
As mentioned above, the distribution of the racemic products is closely controlled in the ketone 183 addition step. Therefore, to reduce computational costs, the following investigations on the 184 stereochemistry of these ligated systems just focus on the structures of addition transition states 185 (TS2s). The optimized TS2s are provided in Figure 5 [ to give brief expression, (S,S)-Ph-BPE is marked level are summarized in Table 1 .
enyne keeps almost on the right side in Figure 5 . In contrast, the phenyl ring of enyne could
193
alternatively adopt on the left side for the left-TS2s. Besides, two attack modes of enyne to the ketone
194
are available: in re-TS2s, the enyne could attack ketone from re-face to raise the product in R-
195
configuration; while in si-TS2s, the enyne could attack ketone from si-face to generate the product in Table 1 . ΔG values of competing TS2s in (S,S)-Ph-PBE system. 
211
Furthermore, it is worth mentioned that for the above four transition states, the energy 212 discrepancy is related to the P-Cu-P bite angle. The larger P-Cu-P angle means the lighter tension 213 of (S,S)-Ph-BPE-Cu moiety which is associated with the smaller hindrance suffered in LPh-TS2s, and 214 therefore makes this transition state favoured in relative energies. 
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226
LMe-TS2s and the relative energies are shown in Figure 6 .
227
As shown in Figure 6 , no remarkable hindrance between ligand and substrates could be found 228 out, which might be confirmed by the larger P-Cu-P angles (>90°). Correspondingly, the calculations 
238
catalyst makes left-re-TS2 stable with the larger P-Cu-P, and therefore leads to the predominant R-239 product. Moreover, it is also found that ee value is significantly depended on the size of the groups
240
at the chiral sites of ligand: when larger groups are introduced at the chiral sites of BPE, ΔG between 241 two competing transition states becomes greater enough for high ee value.
242 Table 3 . ΔG values of competing TS2s in (S,S)-Me-PBE system. 
261
The major work in the present investigation is based on the following two models. (see Scheme
Scheme 2. Used models in the present calculation.
265
Model i: BPE-Cu-Mes system
266
The CuMes-catalysed asymmetric reduction of carbonyl compounds, suggested that the metal
267
source with a 1: 1 ratio of ligand to metal is involved. Therefore, the BPE-CuMes species in monomeric
268
form was constructed in the present calculations.
269
In this section, 1-phenyl-4-penten-1-yne 1 and acetophenone 2 was employed as the substrates.
270
The modelled non-chiral phosphine ligand BPE was introduced in the present investigation, and a 
Conclusions
279
The results from the present investigations on the BPE-ligated Cu-catalysed enantioselective 280 addition of enynes to ketones were summarized as follows:
281
For the modelled BPE-Cu-Mes system, the calculations on the BPE-MesCu system, predicts that 
287
In the chiral (S,S)-Ph-BPE-MesCu system, the calculation identify that the steric hindrance
288
between the phenyl ring of the two substrates and groups at the chiral centres in the ligand skeleton
289
to be the origin of the stereoselectivity for the titled reaction. The stereoselectivity of this reaction is
290
sensitive to the size of the groups at the chiral centres of BPE ligand.
